INTRODUCTION
Reference values (or normal values) for laboratory parameters are used to aid physicians to interpret results of clinical measurements. Reference values or outcomes are established to distinguish disease subjects from disease free. Typically, outcomes are measured from healthy/normal subjects and distribution of the outcome is examined to define the reference values or intervals. [1] They may also be used in clinical trials as a guide to setting inclusion / exclusion criteria as well as the basis of safety monitoring for trial participants.
The concept of reference interval was introduced by International Federation of Clinical Chemistry (IFCC) to avoid the problems with normal values and values obtained from an individual under clinical investigations. [2] According to IFCC, it is necessary for every laboratory to have its own set of reference limits. An important part of medical decision in diagnosis is dependent on comparison of patient related observations with reference values; hence it is critical enough to establish the reference intervals for a particular population.
Though there are several methods available to establish the reference intervals, this paper discuss about the selection of appropriate sample from the population and specific statistical methods to establish the reference intervals using SAS (Statistical Analysis System). [3] 
METHOD
Evaluation of reference interval is one of the critical processes in the clinical laboratory. The estimation of reference range or reference interval has multilayered process, which begins with selection of reference sample or selection of reference individuals, data cleaning and arranging the data and establishing reference interval using appropriate statistical procedure.
Reference individuals selection
There are two common methods for selecting reference individuals followed in the industry. The first method is ""direct sampling technique"", requires defining inclusion and exclusion of the subjects in advance. During the selection of individual, non-healthy subjects were removed from the reference sample (on the basis of exclusion criteria), and in the second step stratify the reference sample into significant subclasses (e.g., the most common being age/gender) as per the requirement of the lab parameter.
The second method for selecting reference individuals is known as ""indirect sampling technique"". With this technique, a set of laboratory values from a database are used as reference values. It is used when it is too difficult to collect samples from healthy subjects (e.g., paediatrics, cerebrospinal fluid ), but special precaution must be taken not to include a large number of values from unhealthy individuals or patients. [4] The most recent international guidelines for the preparation of reference limits in human clinical pathology have been published by the International Federation of Clinical Chemistry (IFCC) and the Clinical and Laboratory Standards Institute (CLSI). [1] Most of these recommendations can be transposed to animal clinical pathology. However, as with some human subgroups (eg, newborns or elderly people), it is often impossible to obtain the minimum recommended number (120) of reference subjects. It is nevertheless recommended that in such cases data should still be analyzed by the nonparametric method. As an alternative, the robust method may be used.
Data cleansing and acceptance criteria
The most important and challenging thing in the laboratory data is to remove potential outlier values before estimating the reference value. Detect the abnormal values either by manually or by using SAS. The Following SAS code can be used for detecting the percentage of abnormal values in a single dataset. The determination of reference intervals implies that the tested population represents a homogeneous collection of reference individuals. Usually, this cannot be identified by the technician performing the analysis. Generally, outliers are anomalous values which are outside the global set of reference values. These outliers can be detected and ""eliminated"" in two steps: (a). Visual inspection of the frequency distribution (b). Statistical outlier test: The Dixon test for outlier detection (Recommended by the IFCC Committee).
[1]
Establishment of reference interval
The methodology followed for determining reference values is of utmost importance. For estimating the reference intervals, the minimum number of reference values remains a challenge. It is desirable to collect as many as reference values as possible for the non-parametric method for obtaining the reference set. A minimum of 120 reference individuals is recognized by the IFCC as a good compromise. One has to consider that the major factor which influences the width of confidence intervals of the reference limits is the number of available reference values. In the documents by the IFCC C28-A3, two main statistical methods were described. [5]  The non-parametric method (which is recommended by IFCC) makes no specific assumptions about the distribution of the observed reference values.
 The parametric method assumes that the observed values follow a Gaussian distribution.
(This implies in practice that for many analytes not following the Gaussian forms, the data must be transformed or normalized.
Depending on the outcome of normality compute the reference interval using parametric or nonparametric method. [6] If the distribution of data is normal, then apply parametric method else apply non-parametric method. Check for the normality of all laboratory parameters" data using AndersonDarling test, recommended by IFCC -International Federation of Clinical Chemistry.
Parametric method for estimation of reference interval
The parametric methods require that the original distribution thereof confirms to a Gaussian (normal) distribution. This method is considered as bit complicated while comparing with the nonparametric method, because the reference distribution must be tested for "normality". If not the data needs to be transformed, and rested for normality before the estimation of the reference limits. Major advantages of the parametric method are that 90% CIs can be calculated for the samples of all sizes and precession of the estimated reference interval is generally better than the nonparametric method for any sample size. Many of the statistical software packages available for testing distribution of normality, as well as estimating mean. Here, SAS (recommended by the industry giants) was used and the methods are as below:
Estimate the normality, mean and SD from the below given program using SAS proc "UNIVARIATE". [3, 7] PROC UNIVARIATE normal DATA=Libraryname.datasetname; VAR var1; RUN;
The output for the program will be displayed as below [ Figure 1 ].
Non-Parametric method for estimation of reference interval
For the non-parametric estimates, the observation of the reference intervals are arranged in the ascending or descending order and assigned the rank numbers such that the lowest value is ranked number 1 and the largest is considered as "n". The limit that enclose the 95% of the reference populations are estimated by identifying the rank numbers corresponding to its 2.5 th percentile and 97.5 th percentile.
Estimation of the interval using SAS for non parametric method is as under: PROC UNIVARIATE DATA = Libraryname.datasetname ; VAR var1 probplot; output out = Libraryname.datasetname_perecentile pctlpre = pct1 pctlpts = 2.5 97.5 ; run;
DISCUSSION AND CONCLUSION
From the above discussion it can be concluded that, either method can be used to establish reference interval but a single plausible value can change the reference value/reference interval which can affect or mislead the clinicians to evaluate the subjects/patients. Hence, it is merely important to cleanse, analyse and evaluate reference interval to get precise judgment on the clinical laboratory parameters.
Figure 1: Estimation of normality using SAS proc UNIVARIATE
